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Abstract 
This research paper has presented a simplified sol-gel preparation method for a hybrid activated carbon/titanium 
dioxide (AC/TiO2) photocatalyst. Scanning electron microscopy (SEM), X-ray diffraction (XRD) and Brunauer-
Emmett-Teller (BET) analysis were utilized to examine the surface properties of the AC/TiO2 photocatalyst. The 
analysis results showed that the TiO2 particles coated on the AC surface were of anatase phase and that the surface 
area, pore volume and pore size of the hybrid AC/TiO2 photocatalyst were reduced in relation to those of the 
uncoated AC. The photocatalytic performances of the hybrid photocatalyst were evaluated for color and COD 
removals through experimentation with landfill leachate under UVA irradiation of two different intensities. The 
experiments revealed that the coating of TiO2 onto AC enhanced the removal efficiencies and that the increased UVA 
intensity boosted the photoactivity. The high photoactivity under UVA irradiation makes the proposed hybrid 
AC/TiO2 photocatalyst an ideal photocatalyst. 
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1. Introduction 
Landfill disposal involves disposing of waste by burying in a landfill, a practice which is common 
for waste disposal management in most countries. Despite the implementation of waste reduction, reuse, 
recycling and transformation, landfill is still necessary in the integrated solid waste management [1, 2]. 
Thus, rainfall-induced landfill leachate and the degradation of organic and inorganic substances in the 
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landfill continually contribute to the environmental deterioration. In addition, the biodegradability 
decreases with the landfill age as non-biodegradable organic compounds, e.g. humic and fulvic 
substances, become dominant and subsequently alter the leachate characteristics, e.g. COD, BOD5/COD 
ratio, pH, color and ammonia nitrogen (NH3–N) [3, 4].  
The photocatalytic process has been an effective technology for treatment of mature landfill leachate 
[5-9]. In addition, a process by which titanium dioxide (TiO2) is deployed as photocatalyst is one of the 
advanced oxidation processes (AOPs) commonly used in environmental remediation of water and air [10-
12]. Moreover, it is possible to use the energy from the solar source in the photocatalytic process [13, 14]. 
TiO2 has been commonly used as a photocatalyst in a variety of applications because of its low toxicity, 
high photoactivity, chemical stability, self-cleaning ability, narrow band gap and low-cost [15-17]. The 
adsorption and photocatalytic reaction constitute the main mechanisms of reaction in the photocatalytic 
process [18, 19]. Thus, the enhancement of surface area to increase the adsorption rate is beneficial to the 
overall photocatalytic process.  
Due to its high specific surface area, high adsorption capacity and great pore volume [20, 21], 
activated carbon (AC) was employed in this research. Prior to the experiments, a hybrid AC surfaced-
coated with TiO2 (i.e. AC/TiO2) for supplemental photocatalytic capability was prepared by a simplified 
sol-gel method. The concocted AC/TiO2 was intended for the experimental removal of color and COD 
from landfill leachate in a photoreactor. The objective of this research is thus to investigate the 
efficiencies and kinetics of color and COD removals through the photocatalytic process using AC/TiO2 
under UVA light as artificial sunlight. 
 
Nomenclature 
AC  activated carbon 
AC/TiO2 hybrid AC with TiO2 coating on its surface 
BOD5  biochemical oxygen demand at 5 days 
COD  chemical oxygen demand 
xOH  hydroxyl radical 
2. Methodology 
2.1. Preparation of AC/TiO2 photocatalyst 
The experimental TiO2 sol-gel solution was prepared via sol-gel hydrolysis and condensation of 
isopropanol solution with titanium tetraisopropoxide (TTIP) as precursor, according to the method by 
Rojviroon and Sirivithayapakorn [22, 23]. In the production of AC/TiO2, coconut shell-based AC was 
first passed through an 8-mesh sieve (2.36 mm) and then retained on a 10-mesh sieve (2.00 mm) prior to 
depositing with TiO2 sol-gel dip-coating in a N2 flushing chamber. After coating, the resultant AC/TiO2 
was oven-heated at 500qC for 1 hr. 
2.2. Characteristic of AC/TiO2 photocatalyst 
 The surface morphologies of the AC/TiO2 photocatalyst were analyzed by scanning electron 
microscopy (JEOL JSM-35 CF model), while the crystalline phase was identified by X-ray diffraction 
(Siemens D5000 diffractometer). The surface properties with respect to the specific surface area, pore 
size and pore volume were determined by Brunauer Emmet Teller BELSORP-max (Bel Japan Inc). 
538   Orawan Rojviroon et al. /  Energy Procedia  79 ( 2015 )  536 – 541 
2.3. Photocatalytic activities test 
 The photocatalytic activity of the AC/TiO2 photocatalyst was evaluated by monitoring the degradation 
of color and COD of mature landfill leachate (BOD5/COD of a0.2) in a photoreactor. In the experiments, 
3g of AC/TiO2 was introduced into each 250mL Erlenmeyer flask with 200mL working volume. The 
initial concentration of COD was approximately 1,000 mg/L. The Erlenmeyer flasks were continuously 
stirred by a shaker, all of which were retained at room temperature inside the photoreactor equipped with 
UVA light bulbs (Fig 1). The UVA intensity was set at either 27 or 32PW/cm2. The measurements of the 
color and COD concentrations were taken with the reaction time throughout the experiment. To determine 
the net color and COD removal efficiencies, the measured experimental results were subtracted by the 
control experimental results carried out in the dark (with AC/TiO2).  
 
 
 
 
 
 
 
1. UVA light bulb 
2. Erlenmeyer flask 
3. Shaker 
                                                               Fig. 1. Photoreactor 
3. Results and Discussion 
3.1. Characteristic of AC/TiO2 photocatalyst 
In Fig.2, the XRD pattern shows the peak positions corresponding to those of TiO2 with a pronounced 
peak at a diffraction angle (2T) of 25.2°. The strong peak indicated the existence of anatase-phase TiO2 on 
the AC surface. The SEM images of AC and AC/TiO2 are compared and presented in Fig.3, in which the 
TiO2 particles can be seen coating on the AC surface.  
Table 1 summarizes the surface properties of AC and AC/TiO2. The findings revealed that the surface 
area, pore volume and pore size of AC/TiO2 tended to decrease vis-à-vis the uncoated AC. The 
phenomenon is attributable to the pore blocking effect of TiO2 particles as the AC pores were partially 
filled with the TiO2 particles [24, 25]. 
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 (a) AC (b) AC/TiO2 
Fig. 2. XRD pattern of AC/TiO2 Fig. 3. SEM image of AC/TiO2 
 
                                          Table 1. Results of the surface properties  
Catalyst Surface area 
(m2/g) 
Pore volume 
(mL/g) 
Pore size 
(Å) 
AC 981 6.323 u 10-1 62.35 
AC/TiO2 8.79 1.257 u 10-2 20.67 
3.2. Photocatalytic activities test 
 To determine the color and COD removal efficiencies of the concocted AC/TiO2 photocatalyst, a pilot 
study of the photocatalytic activity of landfill leachate (1,000 mg/L COD) using the photocatalyst under 
UVA light irradiation was carried out.  
 The experimental results showed that, with AC/TiO2, for the first 30 minutes the color removal 
efficiency was higher relative to the COD removal efficiency. On the other hand, for the subsequent (last) 
30 minutes, the color removal efficiency of AC/TiO2 was lower in relation to the COD removal efficiency 
(Figs. 4-5). The contributing factors to the overall photocatalytic efficiency for landfill leachate 
encompass the adsorption rate on the AC/TiO2 surface and xOH production. In this current research, the 
disparities in color and COD removal efficiencies could largely be attributed to the rapid adsorption of 
color and the slow degradation of complex compounds in the leachate [26].  
 Overall, the degradation efficiency of color and COD increased with increase in UVA intensity. This 
phenomenon could be explained by the increased photon and high xOH production [5, 27, 28]. Although 
the color degradation efficiency was reduced due to the decreased surface area, pore volume and pore 
size, the COD removal efficiency was significantly enhanced in the photocatalytic process with the 
AC/TiO2 photocatalyst. The findings ascertained that the AC/TiO2 photocatalyst is suitable for the 
treatment of complex and non-biodegradable organic compounds in the photocatalytic process.  
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Fig. 4. Color degradation efficiency of leachate Fig. 5. COD degradation efficiency of leachate 
 
                                        Table 2. Overall degradation efficiency of leachate 
Photocatalyst Light intensity 
(PW/cm2) 
Degradation efficiency (%) 
Color COD 
 
AC 
dark 49.06 21.95 
27 34.09 28.92 
32 54.35 17.98 
 
AC/TiO2 
dark 26.42 17.02 
27 20.45 29.49 
32 28.26 48.75 
4. Conclusion 
In this research, the simplified sol-gel method was successfully utilized to concoct the AC/TiO2 
photocatalyst for enhanced treatment of landfill leachate under UVA irradiation. The analysis results 
indicated that the surface area, pore volume and pore size of the AC/TiO2 photocatalyst were decreased 
vis-à-vis the uncoated AC. In addition, the AC/TiO2 photocatalyst exhibited high photocatalytic activity 
with regard to the degradation of color and COD in the leachate. 
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